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I INTRODUCTION 

This  r e p o r t  summarizes t h e  r e s u l t s  of Phase I of t h i s  p r o j e c t ,  con- 
11 cerned w i t h  the  

p l a s t i c s .  

bonding" between g l a s s  and p las t ic  i n  g lass - re inf  orced 

Curren t  p r a c t i c e  i n  the preparat ion of g lass - re inf  orced p l a s t i c s  
11 inc ludes  treatment of the  g l a s s  f i b e r s  ( o r  f a b r i c s )  w i t h  a 

ensure adhesion o r  bonding" of t h e  subsequently app l i ed  p l a s t i c .  Such 

bonding" as may r e s u l t  is supposedly due t o  the formation of an  Si-0-A 

f i n i s h "  t o  
11 

7( 

l inkage  between the  g l a s s  su r face  (Si-0) and the f i n i s h i n g  agent ( A ) ,  

where A may be S i  (as i n  commercial s i l a n e  f i n i s h e s )  o r  C r  ( a s  i n  c e r t a i n  
1 

other commercial f i n i s h e s ) .  For example: -Si-OH + X-SiR, > 
I I 

Si-0-Si-R, + HX where -Si is a s i l i c o n  atom bonded t o  three oxygen atoms 

i n  t h e  g l a s s  s u r f a c e ,  X i s  ch lo r ine  or alkoxy ( - O R r ) ,  and R i s  an  organic  

group such as v i n y l ,  a l l y l ,  etc. 

1 1 

The t r u e  f u n c t i o n  of g l a s s - f i b e r  f i n i s h e s  i s  not  understood. Some 

evidence has been obtained t o  show tha t  t he re  i s  not  a t r u e  chemical bond 

between g l a s s  and p l a s t i c  i n  those laminates which have been prepared 

w i t h  convent ional  f i n i s h i n g  agents .  For example, McGarry' d i scusses  the  

evidence f o r  t he  c m p l e t e  absence of chemical bonding between p l a s t i c  and 

g l a s s ,  and f o r  t h e  func t ion  of g l a s s  " f in i shes"  t o  be one of improving 

we t t ing  of the  f i b e r  w i t h  t he  polymer during the  impregnation process .  

Recent work, however, has shown t h a t  A-1100 and 801 f i n i s h e s  i n t e r f e r e  

w i t h  t he  wet t ing  of g l a s s  f i b e r s  by epoxy r e s ins .2  

I f  the  assumption is  made t h a t  s i lane- type f i n i s h e s  do, indeed,  

e f f e c t  a chemical l i n k  between the  g l a s s  and p l a s t i c  phases, t h e  ques t ion  

1 



I 

of the  hydro ly t ic  s t a b i l i t y  of such an S i  r r , s c c  o-si, f i n 4  oh\ bond must 
( bALCYY) A. -*- I 

be considered. Though Si-0-Si bonds are not  hydrolyzed i n  t h e  bulk ,  they  

do undergo an acid-  o r  base-catalyzed r e d i s t r i b u t i o n  r eac t ion .  This  re- 

d i s t r i b u t i o n  r eac t ion  has been shown t o  be respons ib le  f o r  s t r e s s - r e l axa t ion  

and compression-set processes i n  s i l i c o n e   polymer^.^ 9’ 

i n  t he  f i n i s h  l a y e r  a t  t h e  i n t e r f a c e  between g l a s s  and p l a s t i c  i s  not  

understood, but it may be very important. 

The r o l e  of water 

This  s tudy i s  concerned wi th  other  types of bonding between organic  

and g l a s s  phases which are not  dependent upon t h e  Si-0-A l inkage.  

I1 OBJECTIVES 

The ob jec t ive  of Phase I of t h i s  p r o j e c t  w a s  t o  i n v e s t i g a t e  methods 

f o r  halogenat ion of glass and/or s i l i c a  s u r f a c e s ,  wi th  formation of 

s i l i con -ch lo r ine  o r  s i l i con - f luo r ine  bonds. 

Samples of a v a r i e t y  of si l icas and one sample of s o f t  g l a s s  have 

been ch lo r ina t ed  wi th  phosgene. The s i l i c a s  have been f l u o r i n a t e d  wi th  

e lementa l  f l u o r i n e .  For  both halogens, t h e  y i e l d  of halogen atoms per 

u n i t  s u r f a c e  area approaches t h e  ca l cu la t ed  value f o r  the  number of 

s i l i c o n  atoms per u n i t  su r f ace  area of c r y s t a l l i n e  qua r t z .  The y i e l d  

of halogen atoms per u n i t  su r f ace  area also agrees  w e l l  wi th  the  exper i -  

mental ly  determined number of s i l a n o l  groups per u n i t  su r f ace  area of 

commercial s i l i c a  gels. 

I n  prel iminary experiments,  halogenated s i l i c a  w a s  t r e a t e d  wi th  

phenyl Grignard reagent  i n  an attempt t o  rep lace  halogen atoms wi th  

phenyl groups. In f r a red  s p e c t r a  of the products g ive  t e n t a t i v e  con- 

f i rma t ion  of t h e  success  of t h i s  a t tempt .  

2 



The r eac t ions  of s i l i c a  and g l a s s  with phosgene and wi th  f l u o r i n e  

are c l e a n ,  s t r a igh t fo rward ,  e a s i l y  run, and reproducible .  Low tempera- 

t u r e  (ca. 400-500°C) c h l o r i n a t i o n  of s i l i c a  wi th  phosgene appears t o  

cause replacement of surface-bound OH groups. F l u o r i n a t i o n ,  o r  higher  

temperature  c h l o r i n a t i o n ,  is accompanied by cleavage of Si-0-Si bonds 

i n  t h e  bulk of the  s i l i c a ,  with subsequent 

I V  DISCUSSION 

Halogenation r eac t ions  are summarized i n  Table 11." The y i e lds  

are average f o r  t he  method. L i t t l e  e f f o r t  w a s  made t o  determine the  

optimum condi t ions  f o r  r eac t ion .  Rather, i t  w a s  des i r ed  t o  o b t a i n ,  as 

r a p i d l y  a s  poss ib l e ,  a process t h a t  would y i e l d  a s i l i c a  conta in ing  

s u f f i c i e n t  halogen t h a t  i t  could be used e f f e c t i v e l y  f o r  f u r t h e r  s tudy.  

Ch lo r ina t ion  of S i l i c a  and G l a s s  

E a r l y  i n  the  work, t he  r e a c t i o n  between s i l i c a ,  carbon, and ch lo r ine  

w a s  a t tempted,  basedon the  known reac t ion  

SiO, + 2C + 2C1, 
76OoC , 

2co  + SiC1,6. 

Though the  r eac t ion  w a s  s u c c e s s f u l ,  the  t i m e  requi red  t o  cause complete 

conversion of the  l a r g e r  p a r t i c l e s  of carbon w a s  imprac t i ca l ly  long. 

Otherwise the product w a s  contaminated wi th  carbon,  which could not  be 

removed . 
Phosgene w a s  used a s  a reagent  f o r  c h l o r i n a t i n g  s i l i c a  on the  b a s i s  

of the  r e a c t i o n  repor ted  by Barlot and Chauvenet' : 

SiO, + 2COC1, > SiC1, + 2C0,. 

I t  proved t o  be a very u s e f u l  reagent which r e a c t e d  c l ean ly  t o  give 

*Tables fol low the  Experimental s ec t ion .  
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c h l o r i n a t e d  s i l icas .  A v a r i e t y  of s i l icas ,  both c r y s t a l l i n e  and amor- 

phous, and a sample of g l a s s  were chlor inated.  The y i e l d s  of c h l o r i n e  

ranged from 20 micrograms of ch lo r ine  per gram of sand t o  20,000 micro- 

grams per gram of Cab-0-Sil. A value of 7600 micrograms of ch lo r ine  

per gram of powdered g l a s s  w a s  obtained from one i n i t i a l  experiment. 

Subsequent t o  the  work reported here with phosgene , t he  work of 

Boehm and Schneider' w a s  found. 

commercial aerosol-type silica) wi th  t h i o n y l  c h l o r i d e  t o  o b t a i n  a product 

i n  which t h e  surface-bound hydroxyl groups w e r e  d isplaced by c h l o r i n e  

atoms. 

These workers c h l o r i n a t e d  A e r o s i l  ( a  

S i O H  + SOC1, - > HC1 + SOz + S i - C l  

This r e a c t i o n  is analogous t o  the r eac t ion  of s i l i c a  with phosgene, and 

t h e i r  r e s u l t s  are i n  good agreement with o u r s ,  as shown i n  Table V I .  

I n  our work, v o l a t i l e  white s o l i d s ,  which contained s i l i c o n  and 

c h l o r i n e ,  were obtained from the vent- t rap of a l l  flow-type r e a c t i o n s  

c a r r i e d  ou t  i n  t h e  q u a r t z  shaker apparatus.  These s o l i d s  appear t o  be 

mixtures of s i l i c o n  oxychlorides r e s u l t i n g  from t h e  cleavage of Si-0-Si 

bonds i n  s i l i ca .  I n  a d d i t i o n ,  yellow and red i ron-containing depos i t s  

occurred i n  the  c o o l e r  port ions of the appa ra tus ,  when the sands w e r e  

c h l o r i n a t e d .  No v o l a t i l e  products were observed from the  s t a t i c  r e a c t i o n s  

wi th  Cab-0-Sil, possibly because the milder  cond i t ions  r e s u l t e d  only i n  

replacement of s u r f a c e  s i l a n o l  groups, without causing cleavage of Si-0-Si 

bonds. 

F l u o r i n a t i o n  of S i l i c a  

F l u o r i n a t i o n  r e a c t i o n s  are a l s o  summarized i n  Table 11. Boron tri- 

f l u o r i d e  r eac t ed  r e a d i l y  wi th  sand, giving high y i e l d s  of v o l a t i l e  s o l i d s .  

However, t h e  surf  ace of the sand r e t a ined  apprec iab le  amounts of boron, 

as w e l l  as f l u o r i n e ,  i n  a form t h a t  could not be removed by subl imat ion.  

4 



These products ,  which were not f u r t h e r  i n v e s t i g a t e d ,  m y  have been 

surface-bound mixed oxyfluorides  of s i l i c o n  and boron. 

Direct f l u o r i n a t i o n  of s i l i c a  produced no products condensable a t  

O°C. 

of t h e  fused  q u a r t z  con ta ine r  f o r  the s i l i ca .  Yields  w e r e  h igher  f o r  

f l u o r i n e  than f o r  ch lo r ine  (37 mg per gram Cab-0-Sil, compared wi th  20 

mg per  gram f o r  ch lo r ina t ed  Cab-0-Sil). 

f l u o r i n e  and ch lo r ine  are 19 and 35.5, r e s p e c t i v e l y ,  t he  y i e l d  of f l u o r i n e  

on an  atomic b a s i s  i s  nea r ly  f o u r  times t h a t  of ch lo r ine .  

The r eac t ion  proceeded smoothly a t  2 2 5 O ,  with  cons iderable  e t ch ing  

Since  t h e  atomic weights of 

The infrared spectra of Cab-0-Si1 and of f l u o r i n a t e d  Cab-0-Si1 are 

Evidence f o r  a n  Si-F ( s i l i con - f  luor ine)  bond may be shown i n  F igure  3.  

i n f e r r e d  f r o n  t h e  absorp t ion  peak which appears  a t  about 10.75 9 (930 c m - l )  . 
The Si-F bond i n  SiF, i s  reported' t o  absorb a t  973 cm". 

a v a i l a b l e  f o r  the  absorp t ion  frequency of an  Si-F bond where t h e  s i l i c o n  

atom i s  a t t ached  t o  th ree  o t h e r  oxygen atoms. However, i t  is expected 

t h a t  t h e  frequency of such an  arrangement would f a l l  apprec iab ly  below 

t h a t  f o r  Si-F i n  S iF4 ,  s i n c e  oxygen is much less e l ec t ronega t ive  than 

f l u o r i n e .  Therefore ,  while  i t  cannot,  a t  t h i s  t i m e ,  be accepted as 

proof f o r  a n  Si-F bond i n  f l u o r i n a t e d  Cab-0-Sil, the  peak a t  10.75 i s  

s t r o n g  support ing evidence. 

N o  da t a  are 

Ary l a t  i o n  of F luor ina ted  S i l i c a  

The a r y l a t i o n  o r  a l k y l a t i o n  of halogenated s i l i c a  (and/or g l a s s )  

is  t h e  ob jec t  of Phase I1 of t h i s  work. However, a few prel iminary 

a r y l a t i o n  r eac t ions  w e r e  c a r r i e d  out on halogenated s i l i c a ,  wi th  the  

hope t h a t  a r y l  groups could be "seen'' more r e a d i l y  than  c h l o r i n e  o r  

f l u o r i n e  atoms on t h e  sur face .  I n  Figure 3 are shown t h e  i n f r a r e d  s p e c t r a  

of Cab-0-Sil, f l u o r i n a t e d  Cab-0-Si1 (37.7 mg F/g) , and f l u o r i n a t e d  Cab-0- 

S i 1  which had been caused t o  react with a n  e t h e r  s o l u t i o n  of phenyl 

5 



magnesium bromide. The spectrum of the l a t te r  m a t e r i a l ,  run i n  a po- 

tassium bromide pellet ,  shows a small absorp t ion  peak a t  7 . 0  microns. 

Feaks a t  t h i s  wavelength (1430 cm"), and a t  9.01 u (1110 cm-'), a r e  

repor ted  t o  be c h a r a c t e r i s t i c  of t he  Si-phenyl bond." 

9 u is  obscured by the  s t r o n g  Si-0 band. A s i m i l a r  spectrum w a s  claimed 

f o r  phenylated A e r o s i l  ( another  commercial grade of f i n e l y  divided s i l ica)  

by Boehm and Schneider.8 

ch lo r ide  (as discussed earlier) and phenylated t h e  product wi th  phenyl- 

l i th ium.  

a r y l a t i n g  the  ch lo r ina t ed  A e r o s i l ) .  

a t  7 . 0  u ,  which was a t t r i b u t e d  t o  the  Si-phenyl/bond. 

Any peak a t  

These workers c h l o r i n a t e d  A e r o s i l  wi th  t h i o n y l  

(They r e p o r t  t h a t  Grignard reagents  a r e  not e f f e c t i v e  i n  

Their spectrum showed a small  peak 

The s i m i l a r i t y  of method and agreement of r e s u l t s  between the  present  

work and t h a t  of Boehm and Schneider can hard ly  be c a l l e d  f o r t u i t o u s .  

I 1  Pomla t ion"  of Halogen Atoms on S i l i c a  Surfaces  

The "population" of halogen atoms on t h e  s u r f a c e  of var ious  si l icas 

may be c a l c u l a t e d  from experimental  data  on halogen concent ra t ion  and 

su r face  a rea .  Thus: 

grams of halogen/ no. atoms/ 

atomic w t  of halogen 
gram-s i l i c a  gram atom t(p" = X 

a r e a  meters2/gx (1010 P;imeter)2 

For O t t a w a  sand wi th  an area of 0.06 meters2 per gram, and a c h l o r i n e  

conten t  of 20.9 ug c h l o r i n e  per gram, 

6 * o  
0.06 x 10'' 

= 0.059 atoms/i2= 5 .9  atoms C 1 / 1 0 0 i 2  
20.9 x 

"p" = X 35.5 

I 1  Typical  da t a  are summarized i n  Table V I ,  t oge the r  wi th  c a l c u l a t e d  popu- 

l a t i o n s "  of halogen atoms. 

Good agreement i s  found between a l l  samples,  cons ider ing  t h a t  optimum 

halogenat ion condi t ions  had not been determined. Table V I  a l s o  inc ludes  

6 



t he  c a l c u l a t e d  values  f o r  su r face  population of s i l i c o n  atoms," and of 

s i l a n o l  groups on qua r t z  and amorphous s i l i ca ,8 ,12  The b e s t  values  of 

6.3 c h l o r i n e  atoms o r  6 .5  f l u o r i n e  atoms per 100A2 are i n  good accord 

wi th  t h e  ca l cu la t ed  values  of 7.3 t o  7.9 s i l i c o n  atoms/100i2. 

up  t o  83% coverage of su r face  S i  atoms) has been obtained. 

D 

Accordingly,  

Of f u r t h e r  s i g n i f i c a n c e ,  w e  be l ieve ,  i s  the  c l o s e  agreement b e t w e e n  

f l u o r i d e  and ch lo r ide  r e s u l t s .  

Temperature E f f e c t  

The e f f e c t  of temperature upon the c h l o r i n a t i o n  of s i l i c a  is of 

i n t e r e s t .  Experiments showing t h i s  e f f e c t ,  i n  a q u a l i t a t i v e  way, are 

t abu la t ed  i n  Table 111. Thus, when O t t a w a  sand,  having a background 

ch lo r ide  conten t  of 2.9 pg/gram SiO, , w a s  c h l o r i n a t e d ,  t h e  y i e l d  of 

c h l o r i n e  dropped from 23.5 a t  525OC t o  3.3 (almost  background value) a t  

725OC. A t  h igher  temperatures ,  t he  ch lor ide  conten t  appeared t o  decrease 

below background. The r e s u l t s  w i t h  Merck sand agree  w e l l  wi th  those  f o r  

O t t a w a  sand. The temperatures i n  t h e  second column of Table I11 are bulk 

temperatures of t he  sample. The temperature g rad ien t  between r e a c t o r  

su r face  and the  bulk of material  is  l a r g e ,  but  undetermined. The l a s t  

e n t r y  i n  t h e  t a b l e  (4965-56) shows t h a t  when the  bulk temperature w a s  

maintained a t  t h e  "optimum" of 525OC, wi th  a ze ro  temperature g rad ien t  

( i . e .  , t h e  bulk temperature of the  ma te r i a l  w a s  t h e  same as the  w a l l  

temperature of t h e  r eac to r )  very l i t t l e  c h l o r i n a t i o n  r e s u l t e d .  

The lower y i e l d s  a t  higher  temperatures may be explained by a 

change i n  mechanism of c h l o r i n a t i o n ,  or  by d i sp ropor t iona t ion  of sur face-  

0 
I 

bound 0-Si-C1 groups t o  v o l a t i l e  s i l i c o n  oxychlor ides .  An example of 
I 

0 

t h i s  type of d i sp ropor t iona t ion  has been repor ted  by Goubeau and Behr13: 

2 SiCl,OCH, > SiC1, + SiCl,( OCH,), . Cer ta in ly  much more con- 

densable material i s  obtained a t  higher temperatures.  

7 



A t t e m D t e d  Bromination of S i l i c a  

S i l i c a  conta in ing  surface-bound Si-Br groups w a s  des i r ed  f o r  in- 

f r a r e d  s tud ie s .  An e q u i l i b r a t i o n  r eac t ion  between Cab-0-Si1 s i l i c a ,  

conta in ing  20,600 micrograms of ch lor ine  per  gram s i l i c a ,  and s i l i c o n  

te t rabromide ,  w a s  obtained. The product contained no de tec t ab le  bromide. 

V EXPERIMENTAL 

Materials 

Sand - The sand used i n  most of t h i s  work w a s  a nea r ly  wh i t e ,  washed, - 
and i g n i t e d  grade obtained from e i t h e r  F i s h e r  S c i e n t i f i c  Company, or 

Merck and Company. O t t a w a  sand,  of unknown source ,  w a s  a l s o  used. 

Amorphous S i l i c a  - Eccospheres S-1 ( a  product of Emerson and Cummings, 

I n c . , ) ,  a highly r e f i n e d  s y n t h e t i c  s i l i ca ,  w a s  ground and screened t o  pass 

an  80-mesh screen .  

d iv ided ,  low poros i ty ,  high-puri ty  syn the t i c  s i l ica  was used as received.  

Cab-0-Si1 ( a  product of t h e  Cabot Corp. ,) , a f i n e l y  

G l a s s  - G l a s s  powder, 200-mesh, w a s  used as received from F i s h e r  

S c i e n t i f i c  Company. 

In Table I are l i s t e d  the  surface areas of t h e  above s i l icas ,  as 

measured by the  method of Nelson and Eggertsen.14 

Phosgene - Phosgene w a s  obtained i n  l e c t u r e  b o t t l e s  from the  Matheson 

Company and w a s  used as received. 

F luo r ine  - Fluor ine  gas w a s  obtained from the  General Chemical Com- 

pany, and w a s  used as received.  

Halogenation Procedures 

Chlor ina t ions  a t  high temperatures,  above 6OO0C, were c a r r i e d  o u t  

i n  the  apparatus  depic ted  i n  F igure  1. The s i l i ca  material i n  the  r e a c t i o n  
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chamber w a s  a g i t a t e d  by shaking on a shaker arm, and heated wi th  an 

e l e c t r i c a l  hea t ing  tape, F i she r  burner, o r  an oxygen-gas torch .  The bulk 

temperature  of t he  m a t e r i a l  undergoing r e a c t i o n  w a s  measured wi th  a 

Chromel-Alumel thermocouple. 

w e r e  ob ta ined  but  were accompanied by no t i ceab le  so f t en ing  of t h e  q u a r t z  

r e a c t o r ,  and f u s i o n  of t he  s i l i c a  r eac t an t  t o  the  r eac to r .  This  f u s i o n  

occas iona l ly  r e s u l t e d  i n  cracking of the r e a c t o r  when i t  w a s  cooled. 

Tempera tures  s l i g h t l y  h igher  than 1000°C 

A f t e r  t he  r e a c t a n t  charge w a s  i n  place, the  r e a c t o r  w a s  heated t o  

the  d e s i r e d  temperature while  t he  r e a c t i o n  chamber w a s  f l u shed  wi th  dry 

n i t rogen .  The n i t rogen  flow w a s  replaced wi th  a slow stream of phosgene, 

measured through a Fischer -Por te r  flow m e t e r .  A f t e r  t h e  requi red  re- 

a c t i o n  t i m e  t he  phosgene flow w a s  replaced wi th  dry n i t rogen  and the  

chamber f lu shed  a t  temperature f o r  30 minutes. The h e a t e r  was shu t  off 

and the  n i t rogen  f l u s h  w a s  continued u n t i l  t he  r e a c t o r  was cool .  The 

product w a s  s t o r e d  i n  a des i cca to r  u n t i l  used. 

A q u a r t z  f luidized-bed r e a c t o r ,  heated wi th  a tube fu rnace ,  w a s  un- 

success fu l  because of repeated cracking ,  above 6OO0C, a t  the  r ing - sea l  

around the  s i n t e r e d  si l ica porous p l a t e .  

Ch lo r ina t ion  a t  tempera tures  below 6OO0C was r e a d i l y  achieved i n  a 

Pyrex round-bottom f l a s k .  When Cab-0-Si1 w a s  heated t o  30O0C i n  a round- 

bottom f l a s k ,  using a hea t ing  mantle ,  i n  an atmosphere of phosgene, ad- 

sorbed w a t e r  w a s  r e a d i l y  removed. Occasional evacuat ion of t he  f l a s k  and 

r e f i l l i n g  wi th  phosgene over  a per iod of 15-20 hours was requi red  t o  re- 

move w a t e r  a t  t h i s  temperature.  

Using t h i s  same procedure,  bu t  hea t ing  t h e  f l a s k  wi th  a flame to  

near  t h e  s o f t e n i n g  poin t  of t he  g l a s s ,  adsorbed water may be removed i n  

about 30 minutes;  s t r u c t u r a l  OH ( su r face  s i l a n o l  groups, S i - O H )  may be 

reduced i n  one hour t o  a concent ra t ion  too  low f o r  d e t e c t i o n  by i n f r a r e d  
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a n a l y s i s .  A t  t h i s  po in t ,  the  Cab-0-Si1 conta ined  about 10 mg C 1  per 

gram SiO,. Continued hea t ing  wi th  a f lame,  i n  a phosgene atmosphere, 

r e s u l t e d  i n  h igher  ch lo r ine  y i e l d s .  Values as high as 20.6 mg C 1  per 

gram SiO, were obtained.  

A l l  r eac t ions  c a r r i e d  out  i n  the high-temperature r e a c t o r  (F ig .  

were vented through a co ld  t r a p  to c o l l e c t  v o l a t i l e  products. The amount 

formed increased  wi th  temperature and wi th  time of r e a c t i o n ,  as would 

be expected. The products from sand were yellow-to-red, and gave a 

p o s i t i v e  test f o r  f e r r o u s  i ron .  

1) 

D a t a  f o r  t y p i c a l  c h l o r i n a t i o n  and f l u o r i n a t i o n  r eac t ions  a r e  

summarized i n  Table 11. The e f f e c t  of temperature upon the  c h l o r i n a t i o n  

r e a c t i o n  is  shown i n  Table 111. 

F l u o r i n a t i o n  r eac t ions  were c a r r i e d  o u t i n  the  appara tus  shown i n  

F igure  2.  A supply of f l u o r i n e  a t  20-25 ps ig  w a s  maintained i n  chamber 

A .  The sample of material to-be f l u o r i n a t e d  w a s  placed i n  chamber B ,  

i n  a fused  q u a r t z  con ta ine r .  Chamber B w a s  f l u shed  wi th  f l u o r i n e ,  s lowly ,  

t o  remove a i r .  Valve C w a s  c lo sed ,  and B w a s  pressured t o  10 psig.  

Valve B w a s  c losed  and the  chamber was heated t o  225OC, as ind ica t ed  by 

the  thermocouple i n  the  i n t e r i o r  of the r eac to r .  Heating caused the  

pressure  t o  rise t o  16 ps ig ,  and the temperature  w a s  maintained f o r  1.5 

hours. Then chamber B w a s  b led  t o  atmospheric pressure  t o  remove v o l a t i l e  

by-products, repressured  t o  16 ps ig ,  and hea t ing  w a s  cont inued f o r  one 

hour. This f l u s h i n g ,  r e f i l l i n g ,  and hea t ing  cyc le  w a s  repeated f o r  a 

t o t a l  of t h r e e  exchanges of t h e  f l u o r i n e  atmosphere, and a to t a l  r e a c t i o n  

t i m e  of 4.5 hours. During the  cool ing per iod ,  chamber B w a s  f l u shed  wi th  

dry n i t rogen .  Values of >37 mg F per gram SiO, were obta ined  i n  t h i s  

way. 
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Ana 1 y t i ca l  Procedures -- - ~- 

Surf ace Area Measurements. Measurements of t h e  sur f  ace areas of 

f i n e l y  d iv ided  s i l ica  materials w e r e  made by t h e  flow-method of Nelson 

and Eggertsen. l*  Data are summarized i n  Table I .  

Chloride Analyses.  Analysis  of ch lor ina ted  s i l i cas  w a s  made by 

suspending a weighed sample (ca. 100 mg of high-surface s i l i c a ,  o r  1 g 

of low-surface sand) i n  5 m l  of deionized water. 

s t i r r e d  w e l l  and allowed t o  s tand  f o r  t h r e e  hours o r  longer .  The sus- 

pension w a s  s t i r r e d  aga in ,  allowed t o  se t t le ,  and an a l i q u o t  of t he  

superna tan t  l i q u i d  w a s  taken f o r  ch lor ide  a n a l y s i s .  Chlor ide w a s  de te r -  

mined by microcoulcmetric t i t r a t i o n  with a s i l v e r  anode, as developed by 

Coulson and Cavanaugh. 

The suspension w a s  

F luo r ide  Analyses. Analysis  of f l u o r i n a t e d  s i l i c a s  w a s  done by 

the  s tandard  Willard-Winter method of d i s t i l l a t i o n  from a c i d  s o l u t i o n ,  

and t i t r a t i o n  wi th  thorium n i t r a t e  using sodium a l i z a r i n  s u l f o n a t e  as an 

i n d i c a t o r .  

I n f r a r e d  Spectrometr ic  A n a l y s e s .  I n f r a red  s p e c t r a  w e r e  obtained on 

a Perkin-Elmer Model 221 i n f r a r e d  spectrophotometer,  o r  a Beckman Model 5 

instrument .  Spec t ra  of Cab-0-Si1 were obta ined  on g e l s  formed wi th  carbon 

t e t r a c h l o r i d e ,  Nujol ,  o r  hexafluorobutadiene,  o r  on pellets pressed from 

potassium bromide. Spec t ra  i n  the  10-25 micron range w e r e  a l l  made wi th  

K B r  pellets. These spectra d i d  not  ye i ld  any information about t he  

presence of s i l icon-halogen bonds. 

Nuclear Magnetic Resonance A n a l y s i s .  Attempts t o  ob ta in  nuc lear  

magnetic resonance spectra of f l u o r i n a t e d  Cab-0-Si1 i n  a carbon tetra- 

c h l o r i d e  suspension were unsuccessful.  The f a c t  t h a t  Cab-0-Si1 forms 

very v iscous  g e l s  which cannot be dispersed i n  carbon t e t r a c h l o r i d e  may 

be related t o  the f a i l u r e  t o  ob ta in  a well-defined spectrum. 
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Table I 

SURFACE AREAS OF SILICA MATERIALS 

Ottawa sand 

Merck sand 

Fischer sand 

Eccospheres 
(crushed) 

Cab-0-Si1 

Mat eri a1 

0.06 Nelson and Eggertsen6 

0. os Nelson and Eggertsen6 

0.0s Nelson and Eggertsen6 

0.24 Nelson and Eggertsen6 

17 5-200 Manufacturers data 
- 

Area, 
meter ss/gram Method of Measurement 
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T s b l e  III 

THE EFFECT OF TEMPERATURE UPON THE REACTION OF PHOSGENE W I T H  SILICA 

' i m e  
h r )  

0 

2.5 

2 

4 

4 

4 

2 

2 

2 

2 

l o  te book 
and Page 
lef  e rence  

L965-26 

€965-26 

€965-26 

$965- 23 

€ 96 5- 2 1 

$965-20 

€965-41 

1965-45 

196 5- 47 

1965-56 

S i l i c a  
Source 

Ottawa sand 

Ottawa sand 

Ottawa sand 

Ottawa sand 

Ottawa sand 

Ottawa sand 

Ottawa sand 

Merck sand 

Merck sand 

Merck sand 

l . T .  

LO30 

LO20 

833 

725 

623 

525 

525 

825 

520 

- I 

sample 

0 . 9 1  

1.99 

3.29 

13.30 

33.55 

il .O 

1.93 

5 . 1  

Blank 

2.92 

0.42 

Remarks 

Sample analyzed d i r e c t l y  
from b o t t l e  

A l l  samples run i n  s i l i c a  
high- temp. r eac to r .  Temp- 
e r a t u r e s  a r e  those of bulk 
of ma te r i a l  

Much s o l i d  condensate i n  
vent t r a p  

Very l i t t l e  condensate i n  
vent t r a p  

This r eac t ion  was c a r r i e d  ou 
with an e l e c t r i c a l  hea t ing  
tape.  There was no temper- 
a t u r e  g rad ien t  between the  
wall of the r e a c t o r  and the  
bulk of the  ma te r i a l .  
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Table IV 

DESORPTION STUDIES ON CHLORINATED CAB-0-SIL 

Chlorine Content 
(kg/gsio2)  

Before I A f t e r  
I 

Time 
( h r )  

3 
Remarks 

Notebook and 
Page Number 

23.5 

Votebook and 
Page Number 

18,000 18,000 Retent ion of phys ica l ly  
adsorbed c h l o r i n e  
compounds a f t e r  t h i s  
t rea tment  i s  un l ike ly  

4965-67 

7 088- 38 - 2C 

7088-20 

7088-44 

Table V 

VAPOR PHASE HYDROLYSIS OF CHLORINATED SILICA 

Time o f  Exposure 
t o  Water Vapor 

60 hr--ambient 
atmosphere 

3.5 h r  over  
water a t  95Oc 

2.5 h r  over  
water a t  90"c 

8 h r  i n  a 
stream of  
humidif ied a i r  

Chlor ine Content 
(Pgcl /gsioz)  

Before 

29.94 
( sand)  

39.6 
( sand)  

20,000 
(Cab-0-Sil) 

15,900 
( Cab- 0- S i  1) 

~ 

A f t e r  

28.04 

28.4 

LOO 

7,900 

Rem a rks  

No at tempt  w a s  made t o  
desorb HC1 formed by 
hydro lys is  

P o s t  t rea tment  >24 h r  a t  
100°C and <1 mm Hg t o  
remove HC1 

Post t rea tment  f o r  16 h r  
a t  100°C and <1 mm Hg t o  
remove HC1 

Same post  t rea tment  as 
7 088- 2 0 
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$'O.D.THERMOCOUPLE WELL 

\ Y0.D. G A S  INLET TUBE 
4 

I l l  
- 

VENT TO - 
MOUNTING ARM OF/ 

SHAKER APPARATUS 

REACTANT CHAMBER 

COLD TRAP 

R I - 4 5 2 5 - 1  

FIG. 1 DIAGRAM OF QUARTZ REACTOR FOR HIGH TEMPERATURE 
CHLORINATION OF SILICA 
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FROM 
F L~~ORINE- 
CYLINDER 0 

A B 9 

A: 

B: MONEL REACTION CHAMBER, 4.2 cm I.D. x l O c m  LONG 

a, b,c: HOKE , TEFLON - SEATED BELLOWS VALVES 

d: COMPOUND BOURDON GAGES (s.s.tubo1; 0 - 3 0 " H g , O - 1 5 p s i g  

e: ELECTRICAL HEATING JACKET 

f :  THERMOCOUPLE - WELL MOUNTED I N  FLANGED COVER 

g: TEFLON GASKET 

h , i :  NITROGEN FLUSH LINES 

COPPER F2- MEASURING CHAMBER,7.5cm I.D. x 25 .3cm LONG 

TO VENT 

111-4525-2 

FIG. 2 DIAGRAM OF THE APPARATUS FOR THE REACTION OF SILICA AND 
GLASS WITH GASEOUS FLUORINE 
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FIG. 3 INFRARED SPECTRA OF TREATED CAB-0-SIL 
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